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1 

[W*JS2] Mia^s*^. mw.^2(Dmm.m\zmm\. 10 

-tr>+^o 

-Jr Jl/ • V > ;y > ^ ^ e. SS? $ nfc** ^, fig 
>+»-. 

$<)6 0 AW^fflrtTib^Ci^iHpgilir^, tt*3«6{C 

[fi^JBlO] BfrlE^145J;U^"^2cD^ffi8ttB®j?$ 

1^5 ATjct^iL^sq 1 5 0 Aco®fflrt-e^>^Ci$:i|#iS: 40 

\mim. 1 1 1 ffffsm 1 <Jimm.m<n>n^if'. 5 ats 

l/it*q3 0 AWteHF*3T'$)^;iiS;!Rf@tfr^, 



«fM¥6-2 3 6 5 2 7 

2 

dc]S 1 2 (CfH^COaMJttit-fe >-y-. 

[tt^«i4] B(rfB#ffiSttX'^— y-B)^^ ^> ^, 
[tt*3Si 5] mm^m^x^-^m^^. mmmm^m 

[ft^^i 8] mBimii6^zsm2(D^m^m(Dv-^(D 
m^m 1 iztm<Dm.^i&!^-t>-^o 

fH2co^&^mnmim^^ct^^WLt-r^, 
1 8 izmm.(Dm^t&tn± >-y-. 

[|»*^2 0] ttrE^ 1 ®?sattB*^ Mmmi^x^ 

—*i-m<:zmmvxmf^^tirzm^^zi;vi hmt. m^^=. 
cw^js 2 1 ] tfrE^ 1 fectt/^ 2 <r>mm.mt,i^n^ 
•r-s., 1**^1 8(rE«(^ss^fitn:-tr>-y-. 

Ci»*^2 2] f&E«t^nA-;uhBcD;p$*«. ««)0. 5 

Afj:^iU^5<j2 0 A(75^H*^e>sj?$n/t;9^T*^::t 

$#mi:T^. «*3S2 1 icE«®SSm}gtri-b>-9-o 
[tt*Jl2 3] BuE^^a'l4#a5BtsfrE#!^1tX^— y- 

[rt3j<^2 4] |f)E#iltt»SPBi:HfrE#NSS147,^— ti- 

[«*JS2 5] x-^*E®-rs;t«e>w*tiScoh7yi' 

mumm. V y >Xxa.— y-i:SflEJBSME1Si«#:®WCDtB 
*f5l«)4>{c, fl^rCEig:^«#:*^e>jfi^^raSS®eg{c«tit$ 
h 7 > X t'o. — 9- 1 ^ « . 

*as[^4*^!p^x'^— tj-Btcj:oTij-iit$nT*5 0, EPimas 

1 *3 J;D^m 2 ®#®tt«!|SHi i. 
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• e-y v^m-mmzjt-!^LTmmm. 

m\zmmLt^'z>ztitmmL. i)^-ommM2(Dm^m 
ffc. mmM2<Dmii^m<Dm.it^mm<Djjmzmnt 

A. 

m^im^^tii,:it^!^miir^. Mmm2 6izmm. 

[»*^3 2] ^m^mm^mmf)^. ^. mTb^^fH. 
zt^^witr?>. m^m3 2izmm(Dmmm'>xy' 

A, 

[»*JS3 4] 4¥mitunx^-^miz^^r^m-^n 

att#««i^#g|5ffl i ^«|^ -5 :i i <i:-r -5 BSEMig 



i5X ^: t<£ri|$M it- 
's, m^ms 4{zsd.mo)m^i&tn.-ty-^, 
[»*«3 7] 4¥mit$inx^-^m\zj:^T6^m^n 
tzm 1 J; 2 (D^mii.m t . 

10 <D^m^mi,zmmLj!)-^'::>cntmmr^. ^im^m^ 

[if 3 8 ] mmm i^jizsm2 mm^ns-moym 
iZBm<Dm^¥&jji±>-*); 

1^4 A;^cViL*<]l 0 0 0 AcD*gHl*3Tfe-5Ct* 

^^mt-r-s. if*JS3 8{ciam®a^ffitH-tr>-y-, 
[it5j<]i 4 1 ] mmm 1 *3 .fcy-ig 2 cD#f attwgpw©;? 

*^4 A;^ViL*«j6 0 A©«[Hi^Ta&^' 

i-r-S. »*313 8(cE«c^ffiSMM;fci-tr>-y-. 
[It*^4 2] fMfaigl*3<J;tX^2(7)^attB(D/¥S 
30 A^. #<]5 AAil,:>L^3 0 A®lEHf*3T-a&-5C<h*iNFSii 
-r-S. it^flS 7tcEiJ®fiS^iatft-tr>it„ 

ja4 3 icisac7)iiMJgta-fe>-y-„ 

[»*^ 4 6 ] HffEIS 1 43 Jciyt^ 2 «*fiSttWSBe75«. 

im^m 4 7 ] ME^ 1 *3 iOC^ 2 ©#attl!fg|5)l7!)t^ 
50 [!^§««M;^csttBj] 



5 

[0 00 1] 

[0 0 0 2] ^McDt^WlXii, x-^'^SSViM^STffiS 

m^^Mm^i^m.^^^rz^t>^z. a^jsta (mr) -t> 
Srffiffl-r^:^fe*u<»j^nTVi^„ MR-fe>-y-«, m 

SctLri^mT^. e:n5>wfie*ots«(DMR-t>+i- 

m&t^m^nM(Dj;\^ii(Dm(Dp}m<D^^o)^-^ (c 

os^) iibTgitt-^, S:*tt^^fitn: (AMR) 3!) 
«lC«-:?t»Ti!lf^-rS. AMRS(l^®l¥«ffltt, D. A. 
hAy> (Thompson) ^©gfeJt'Memory, Storage, and R 
elated Applications", IEEE Trans. Mag. MAG-IK 1 
0 3 9 K-i^ (1 9 7 5^) (Cf2iEStlTU-5, 
[0 0 0 3] SfiTtt. (F/NM) n (F«^ai4^ 

yif^ntzF e/C r , Co/Cu, ^fettCo/Ru 
=koTH^$n^, F/NM/FCOJg«2|s:Re<)tc;?7->-/ 

mMM (svMR) ^tzu^±mn.is:m. (gmr) to? 

[0 0 0 4] 3|^H#W^4 9 4 9 0 3 9^«. igS^m^ 
«S8{l:®jS5¥ff 7 ^-f >^ > h (c J; o Tei:»sn;5:M R 

^3^^htz'iTi$.m&^mm^^mLXi^^^, 

S*i±lX^^$^tfTVi-g>75t, ffinfeMRfi-^tgiliffl® 

f-S^fiSStt^^MTj^'. ;ti:Ati^PA (Cr) y h 
UOA (Y) ©»ti^iStttfPBlll(rJ;oT^li$tl-5. 

[0 0 0 5] ^m<i^wmmmo 7 y& 2534 3^fi. 
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•5. ^(Dmmt. xtf> • AVU:/Sft«{c»-:?#. 
#^©ffi^-&(cJ;oTttAMR<J:i3fc:^c^<;5:i), JtS^ 

[0 0 0 6] TKBi^ffF^S 1 5 9 5 1 3#tt. HUjZiiCDX 

j:-or^m^nrz2-D(D^mmunmmmi^^. ^>^c 
10 MR-tr>-y-^w^LTii.s. -^wssissiiw© 

t^ti y^') y if \z^^T. i&.ij<DW^m<7)m.itizm{. 

T^mzm^-^n^. 

[0 0 0 7] 4^Q®iiafeii->x7^Aox-^fats«s 
izit-r^m:kLmi-f^mM'S:mfzt:k!!b\zit. mr^^ 

figffl-rSMR-fe>-ti-tt, il£McC>AMR-b;>+t-<©Jl-&T" 
fe. J;OffUViS VMR*;fc«GMR-lr>-y-©«-&T 
20 fe, MR^^IS75^iSTT-5. 
[0 0 0 8] 

7.\f.> ■ n}\'-7%^\zm':3<uRmMn^y-^\t. 
(Dmm.'^mmmm^'^ts. mmt£&w.±.\zmi^-snrz 

w,2(Dm&^mum(nmt-)imzi^hxmimm.x$> 
30 ^, ^2?^iKtt«oa^i:;^i6i«, mmtmmmzm&-r 

^mm-r^R^m.^mm\zii':>T^^-in^^mtiy 
y^}y'!f\zx-DX^0yj\^-f)^>^-M^tz\tmm ( r@ 
) $ti^o mi» ( rgij ) 

;;5^*MR-fe>+KCigtt«at*ii#^L-- MR-fe>-9-fJ. 

©fiSftOIiltefc J; ^MR -fe >1tO«iri:«»gf!){CJt^J-r-& 

mT(rim.\m.{m±'^^\t. m.mkmzm.'!&-^ntz'T-' 

[0 0 0 9] mi^k^wt^t. mwzTTCt 
^ots.mnjT^T.^m'&.yT.T-KxMm.^nrz^niiL 

f&'^WLfs.mm.'f^ 7.i7i2i)\ X tr > h';n 4 ±{e:3^1$ 
50 -^tX. ^-(T.iP ' Y^^y '^—i>\%\Z^-oXm^^ 



(5) 
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[0 0 10] ^!^;^< tfei^wx^-ryi STi^x-fXi/ 
r:ne,oh7>xxjL— 9-2 1 ea^. mMo/m 

^^5^1 3tt. x^Xi7^S2 2±tcja-:?i/^fcO. ^« 
B2 2;0^5.8tnyhO bX. ^aOT'-:S'*^IBfii$nTV^ 10 
■5 T'-f X ^ Ofi-ir CDg|5^i-fC'\ h* 2 1 ^t^jfit?^ J: 3 
{Zfi-S. ^X^-ryiStt, i*-X^>->3 > 1 5{Cj;o 
TTi'^^iX-^' • 7-A 1 9lcSfD#tt5>nT^i-5o 
-t)-X'^>->3>l 5(±. t)-r*^/j:tfta:;'j*4-A. C©(±* 
izilA^Xy^yi 3^Sr7^^Xi'«ffi2 2 {C*f LTA'-f T 
X^-tir^o #T^^:i-X-i5' • T-A 1 9«. T^^zl 

(VCM) tT^Z.ti)^-V^^, VCMtt. H5efi£»l^ 
[0 0 11] T^^'Xi/fSttv-Xr-AWidf^ftJ. JS^x 

-< 1 2ommz.^-ox, x^-fyi atx-^-xi?^ 

®2 2coW{c^^ttS^^*^jS;$n, X^-fi^l 3IC±|6l 

> v 3 > 1 5 cd^dT *^7i tt'ta;*] i: co#>) 0 0 > 

X^-f^l 3*x^'Xi'gffl2 2*^?.:b-r*^lc±:^{cS6 

*ftjfrs, 30 

[0 0 12] X'CX^faiii~>X5^AO^i*;^d;«fiXS^ 
«. •bf^'P. Ti'irXSfJ»«^^f*3gPi7D.yi7ff^fj; 

Ete^©. ^u^u^v'^-fs.E^mTLX^^^. urn 

SS1«2 9li, i^2 3±©K^'f7*-^-^^m«^^ii^ 

5o i^2 s±.(D^v \i'iLmmmm5XUiy-^umm 
m^^ntzx^^yiz^. M^r^ss^xi-x 40 

[0 0 13] AM6<);'il8S§lxw'Xi'ffi1t->XxAlCOVi 

<i:L/tt)®Tag.§o X'rXi'fEtgi^XxA7)^*#Sc<^r'C 

Xi7*iJ;D!:7i75'iX-^<£^ti'c:i7jiT-^, #7^'5^ 
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[0 0 14] S12^#Bg-rst. *aBJ©Jlg(cj:^M 
RXtf > • A';l/y • •t>-9-3 Ott. fc<t^«:*f^X. -fe 
7 5 . if ® jg^/<£S« 3 1 ^m^Xii 0 . 

a«3 1±IC. #NJKtt^fc«att#«1*iPfO}i|gB3 

3.^1 (nik^mitunonmm 3 5 . i¥mii±mun 
(Dmmm 3 7 . is^zf^ 2 3 9 

#«$nTv^e. ^ 1 (7)«c?fifiSittt<sf»«sB 3 5 * 

<^tt*fc«BStt#«Mi^»)«B3 3±(CitgE. TjvofeH 

i tiaw icjtMT % J; e> tcj^^ $ nx - 11 ^ ^ o 
2^cD?iil^4t^^s^»3 5> 3 9©i^^i:ii. m-srepwi^ 

nmm 3 5 n. 0 2 1 ^m^m^mmmm 3 5 ± 

[0 0 15] tt«{MilSVi«MiStn:*t)-:3i£»/WTX# 

4 1 Sr. M 2 O^S8tt#i^^Mll 3 9 titJ^ 
»»T -5. J: 5 f c#« b . 3? ^fe * -7 y U > (c J: t3 T A'-i- 

7.u^mmm4nt. rzt^i,m-^>iJ> (FeMn) 

' -^yfiy (NiMn) X$>^Z.tf)m^L 

mmf£S.mm^um^mA.xi^^^o m2(Dm. 
[0 0 16] ±>-*)-mmom^Timm^/^mi^/^m 

■fe>+l-t3:< #S8(cJ;oX*:HJiB»(C^1$f -5. ^fe(c#Bg 
b;t*H#fFtiiS^O 7/6 2 5 3 4 3^Ci¥«l"H2« 

$nxi.i-5, v:ci#ff(cfeigsnxvi-g>xe> • /nvu^ 
MR«jfitt. #att^JR (#«) x-i— y■gtcd;■5X^i' 
^$nfc2■^(7)?S^^ttS«)l^<iAxu;5. 

ttstt. K^-r«>s?iattst®^^s:^ifttj;ox^ 

(Dmm^m ©m^tra. EPaniKs^»c;E;Dx:^ioi 

siHite-r^o s^)iic«bxe4«coaft:^ifii$^A-5 

1 ©$»c?Siitt*fi4»i«« 3 5 ( (y^ji^m^ t 
hwr^) x$>^. f^i<Dm^mm^nnmm3 5(D^ 
>b^rzi,mmizimm^^rz\m^mnmmm3 3 

[0 0 17] lSSttttif4X-|iSy;$tl-5)GMR«jEi:bX. 
att#«s^©fi8{t:ar|pi fcTOSx e > t) t?g^«^osp 
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^ 1 ©i}(?i«tt*t!f5|-?fllg 3 5 ICctoTW^itC v^D 
1 (Dt>;^mtt«if4»]^S 3 5 ¥ff X [f>^fc:3<E# 
^ 2 ®?fii881t*f^s|.»MJi 3 9 T^^r-S 2 (D^m. 

Wivmrnm 3 9 ©K^t^rsitc^-rs) ^^^^ u 7*3j: 

7i)^oT^i!)-r-5+-vu 7Td&'5. ;ine>cD4^-^ u 7«, 
e*«3 3. 3 saftA^Hte-r'St^egijtcm-r-sc: 

ii^'T^SOT. GMR$t);t^.T. GMRJC^-^f-S 

5*^?,m2©?affiStt«!P4»MJi3 l-v<i:^»jt-^;i^% ¥ 
i%-rs<hl^i;:^lsj{cl!j<cr)T', Sii«**<, I^^^Jc, * 

7tc*tbTfi. lilUfiMT^dfeL. raCili))** 
l&+-)rU7*-SS>-5®T, gSJi33. h <r>m.\\Liim^ 

[0 0 18] *%0^CO«jtT«aiJ$n-5GMR«> JfflSl 
T-tt7^t<. n>y^i5'>x (AG) ©^fttCJioTIKB;! 

[0019] %2 o^wmPrnmm 3 9 ^ ^i^att^ 

w»^)icr4#jfiT«a-r-5'>^^i'U7«. ^i*^ 
3 7 -^^mt^'pw.^^^} 7®^^.«i*-r 
i!>i^++'j735^^o^®«i:a»^©H(rfcigH!i-r-5m 

^tr#x.Si:. lg2CD^SS14«i^»MH3 9«. 
^-r::t;^tT^^. ^ 2 «3ifiStt***4^l^)i 3 9 

a 3 7 fp^^mv, m 1 (D^mm^tumwmm 3 5 ^Jtc 
AS, m 1 (DW:>ikm\i.unwmm 3 5 izx^^ik^^ u 

7«. mi 3 5 ^^LXi^mit^ 

tzitm^mmmmmm 3 3 {ce^$n. 3 3 4- 
msn-sBffic. m 1 (Dm.^mimunmmm 3 5 
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1 (^m^m^uummm 3 5 ©esft*^*^^^^^ u 7 • x 

e >{C*fbT¥firT«.S«^. ^^ic=t^-V'J7 • n>5^i7 

3 3 43 j;t/m 1 (D^^^m^mmmm a s <D^{t^ 

IDte-rs (jS*¥fT) ^>^4^r U7*^*mi®l>c?^ffiStt 

i?rif4j«i^)i 3 5 tfTftSLTSi^*, c:n6oe#«T© 

izm^p-r^o 

[0 0 2 0] :i:ix\ 03, 4, 5, *Jctz>'6^fc#M 

10 -rSi, 03«. 50A Ta/tcuCu/l 5A N i F 
e/23A Cu/SOA NiFe/llOA FeM 

n/5 0A T a^«it**;0:y^xS«±(c#«$tl 

fz. m 2 {c^rx t;> • A*;i/:/«ig©#^cDiiM^jcD. 

3>5<i7 5'>X©^ft (AG«AR/R^{c:H{S^U 
I/O t *f #^163114* ;t«att#«i|5fi|s4j«J^« 3 3 <Dm^ <D 

M«srS5T, mv]o)T amit/-^yyymx&r). 

TaB«««+-\'>yyT^.-5<, ( t cu Cu/15A 
N i Fe) Cu*^e.^SI#att^fc«iiS;tt#««*4 
3 3 iN i F e A^^fiKS^ 1 CDUc?tffiStt1vfi^}iJ» 

20 H3 5 *t)OgS)13 3. 3 5 $:<ix.TI.^-5o Mn F e 

iKttM!^SflK)13 9©J6S{l:^@^-rs, 3c*^/N''r7X« 
i^^]^e4 l€:«;^TtiS. a3(C^fJ;'5»C, AGtt 

;i<. «it (tp F/2 2A Cu/5 OA N i Fe 
/gOA FeMn) **-rSfif*CDX t°> • A'jU'^^'^ 
it®. AGt^fiattli®iP$ (gSB) CDM^^^f, 
30 ;tffL. Fitmfi^m-^^h-OF em. NiFeH, * 
fcttCoJlTa&So 03 t4Srlt*l^-rS<h. SffiBW^ 

J^1t*^!|s|-©<i:n-ef#e.n-£. A G J; 0 'h:k«f§iz±^rjiA G 

m&iz^m-^titzx\f>'/vi'-:fm^<D. mmsM u 

R/R) ttfSPHiP^ tcuOM^^^f o tcu=OT 
it. AR/R=1. l%T£bD, t cu*>*lt3!)D-r-5tCOtl 
TAR/Rj^itlStfCitJOb, tcu=2 5A®i:^3%0 

40 So @6tt, i^cKjficD, ffi^ffitfLRt tcu**-r. m 

WJStatt. tcud^'O A*^e, 1 5 0 AtclfSD-rsit^. 2 
5 0 o hm/s q^^e. 2 . 5 o hm/ s q tC^itTS. 
[0 0 2 1] ST^^flg-rSi, 0 2{C^-rxtf 

> ■ A';u:/1#jt3 oti, M©)ilM;f:T#«-rs;::<t*^T^ 
S. r75:t?-5. S?^attJ^1tA'-l'7XSfe«@S)l^ft 

i!BJtCj;Sa*MRXtf > • J^JVy • ■fe>-+>-6 O©0S L 
l/^HJ^^Jtt, j3i^/j:*«6 l±®/\'-y7 7)i6 3±(c# 
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II 

■ 73. ii^u^mitmmiptunmm i s ^mx.x\^^ 

m 1 CD^SJSttB 6 9 . *ait^M;^'^— y-@7 1. 

?>'^ 2 ©^fiSttS 7 3 7 5 

7 5 w W:N-©J? 5? *3 J; urang i ttiiM 

3^j^/\'-i"7x)i6 7<DT{cf^«LT. KmM'&.^nfflm 

[0 0 2 2] «f^®if*H.i5^)!i^jT«, jS»MRXe> 

• fvvzr ■ -tr>-y-6 0 ji«);a:a«±(c#*$n^cT 

a (5 OA) /N i Fe (2 OA) /Fe6oMn4o (8 20 
OA) /NisoFezo (50A) /Cu (23A) /N 
i 8 0 Fe2o (2 OA) /Cu (20A)/Ta (3 0 

A) mTt^%-D, d^iT. 2 0 Acocumitt^M^mn 

Mf4ttSP«7 S^mr-So 5 0ATa/2 0ANiF 
e6oMn4oW!|S|-Sra^JC(Sft$1^T, H 1 ©^iic^tt* 6 

yyrme som^itms o A/iv^bs 0A©$gfflT* 

-5» KM6 5©/P$«iiS<j2 0 A;itliL5 0 AOiSH 30 

0 A/iV^U 1 2 0 A<35®fflT-^-5o ^ 1 CD^mitM 6 9 
©ff$««5)3 0 A;^j;liL 1 0 0 AoD|6HT-ab^„ m^(D 
J;'5tc. ^att^JSX'^— 7 l®ffS«*<]2 0A;>5: 
l.iL4 0 A©®HT'*-5*^ y-jiw^^tfcDfe^a 

?Satt«7 3CD;p$«i^lj5 Afc£l/ib3 0 ACDiEHTfe 
^. #li2itt#«*tif4«ffl5B7 5®ff$tJ. aP^i-MfCtt, 

«^4A;^ViL5 0 A©jgfflT*-5. -ziy^^^ 

5(Z)ff$(i^4A;^j:t.iL 1 0 0 0 AwlEHT-^-So 
[0 0 2 3] ^tc. 08^#BB-^^i:. 2js:%BJ(Cct-S)M 

<!:x.tf:ff7X. -t^S-yi^. ¥##:^cCf©jg«;ic««8 

l±©A->y7T»8 3±[C#«$nfc. miCD^J^14# 

«*t*4Wap« 8 5.^1 ot)(?SiiiS14«;^S^ii)i 8 7 . #N 
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mmm 91. is^DC^ 2 c7)#att»«#»#si5)i 93^ 

2 9 3 0±{'T a ;5:<i:©iSigta 

M*5fcD^S:^-\' tf (H^-ar-T) ^tStt-Si, it 

XMRXtf> • A*;i/7' • -tr>-y-tt, 1992^11^1 

7B(ctHs$n. ^mmAizmm-^tifz. ^mjz^y):^ 
mmmiz^i^Lrzmm^m<D^m^Vfmmmo 7/97 

7 3 8 2^tCfB«$nTVi^. 

[0 0 2 4] 0 9*#fi9-r-5<h. 0 2(C7KL.rcM 

R.Xfcf> • AVl^y • -t:>-tl-(^M©^J6^J;<)^'S$tiTli 
So «g|5)i9 5*#«t--S.Sfr(C. fei:A«Ta. Ru. 
C r Vfj.ii(DmW:f3iTm9 3.*S«9 2 {-#«f -5. T 
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LAIMS 



'laim(s)] 

'laim 1] The magnetic-reluctance sensor characterized by providing the following. The magnetization directions of 
e 1st ferromagnetic material layer are [ as opposed to / the magnetization direction of the 2nd ferromagnetic material 
yer / when it is separated by the non-magnetic material spacer layer and an impression magnetic field is zero ] the 1st 
id 2nd almost perpendicular ferromagnetic material layers. The nonmagnetic electrical-conducting-material regions- 
-back layer which adjoins the ferromagnetic layer of the above 1st and contacts this. A means to maintain 
agnetization of the ferromagnetic layer of the above 2nd towards desired. 

:iaim 2] The magnetic-reluctance sensor according to claim 1 characterized by equipping the aforementioned means 
ith the antiferromagnetism material exchange bias layer which offers the bias magnetic field for adjoining the 
rromagnetic layer of the above 2nd, contacting this, and maintaining the magnetization in the ferromagnetic layer of 
e above 2nd towards desired in the ferromagnetic layer of the above 2nd. 

;;iaim 3] The magnetic-reluctance sensor according to claim 2 characterized by the aforementioned 
itiferromagnetism layer consisting of material chosen fi-om the group which consists of iron manganese and nickel 
anganese. 

:iaim 4] The magnetic-reluctance sensor according to claim 3 by which the aforementioned antiferromagnetism layer 
characterized by consisting of alloys of iron manganese. 

:iaim 5] The magnetic-reluctance sensor according to claim 2 characterized by the aforementioned 

Itiferromagnetism layer thickness being within the limits of about 50A or about 1 50A. 

:iaim 6] The magnetic-reluctance sensor according to claim 1 by which the minimum thickness of the 

brementioned nonmagnetic regions-of-back layer is characterized by being about 4A. 

:iaim 7] The magnetic-reluctance sensor according to claim 6 by which the maximvim thickness of the 

brementioned nonmagnetic regions-of-back layer is characterized by being about 3 times the mean firee path length 

Fthe conduction electron in the aforementioned nonmagnetic regions-of-back layer material. 

:iaim 8] The magnetic-reluctance sensor according to claim 6 by which the aforementioned nonmagnetic regions-of- 
ack layer thickness is characterized by being within the limits of about 4A or about lOOOA. 

:;iaim 9] The magnetic-reluctance sensor according to claim 6 by which the aforementioned nonmagnetic regions-of- 
ack layer thickness is characterized by being within the limits of about 4A or about 60A. 

31aim 10] The magnetic-reluctance sensor according to claim 1 by which the above 1st and 2nd ferromagnetic layer 
lickness are characterized by being within the limits of about 5 A or about 150A. 

"laim 1 1] The magnetic-reluctance sensor according to claim 10 by which ferromagnetic layer thickness of the above 
St is characterized by being within the limits of about 5A or about 30A. 

31aim 12] The magnetic-reluctance sensor according to claim 1 by which the aforementioned nonmagnetic spacer 
lyer thickness is characterized by being under the mean free path length of the conduction electron in the 
forementioned nonmagnetic spacer material. 

31aim 13] The magnetic-reluctance sensor according to claim 12 by which the aforementioned nonmagnetic spacer 
lyer thickness is characterized by being within the limits of about lOA or about 40A. 

Claim 14] The magnetic-reluctance sensor according to claim 1 characterized by the aforementioned nonmagnetic 
pacer layer consisting of silver, gold, copper, and material chosen as the row fi-om the group which consists of the 
lloy of silver, copper, and gold. 

Claim 15] The magnetic-reluctance sensor according to claim 14 by which the aforementioned noimiagnetic spacer 
lyer is characterized by having a copper thin film layer. 

Claim 16] The magnetic-reluctance sensor according to claim 1 characterized by the aforementioned nonmagnetic 
sgions-of-back layer consisting of material chosen from the group which consists of silver, gold, and copper. 
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^laim 17] The magnetic-reluctance sensor according to claim 16 by which the aforementioned nonmagnetic regions- 
F-back layer is characterized by having a copper thin film layer. 

:;iaim 18] The magnetic-reluctance sensor according to claim 1 characterized by equipping either [ at least ] the above 
5t or the 2nd ferromagnetic layer with multilayer structure. 

;:iaim 19] The magnetic-reluctance sensor according to claim 18 characterized by equipping the aforementioned 
lultilayer structure with 1st at least one ferromagnetic material layer and 2nd at least one ferromagnetic material layer 
y which the laminating was carried out by turns. 

i;iaim 20] The magnetic-reluctance sensor according to claim 1 8 characterized by equipping the ferromagnetic layer 
f the above 1st with the thin cobalt layer which adjoined the aforementioned nonmagnetic spacer layer and was 
)rmed, and a thin ferronickel layer. 

i;iaim 21] The magnetic-reluctance sensor according to claim 18 by which the above 1st and the 2nd ferromagnetic 
yer are characterized by having the thin cobalt layer which adjoined the aforementioned nonmagnetic spacer layer 
id was formed, and a thin ferronickel layer, respectively. 

;:iaim 22] the above ~ the magnetic-reluctance sensor according to claim 21 characterized by thin cobalt layer 
lickness being the thickness chosen from the range of about 0.5A or about 20A 

i^laim 23] The magnetic-reluctance sensor according to claim 1 characterized by the aforementioned nonmagnetic 
igions-of-back layer and the aforementioned nonmagnetic spacer layer containing the same material. 
Dlaim 24] The magnetic-reluctance sensor according to claim 1 characterized by including the material from which 
le aforementioned nonmagnetic regions-of-back layer and the aforementioned nonmagnetic spacer layer differ, 
^laim 25] The magnetic storage system characterized by providing the following. A magnetic storage medium with 
vo or more trucks for recording data. During relative motion between the aforementioned magnetic transducer and the 
forementioned magnetic storage medium It has the magnetic transducer maintained from the aforementioned storage 
I the position of a near interval. When the aforementioned magnetic-reluctance sensor is separated for the 
Forementioned magnetic transducer by the non-magnetic material spacer layer including the magnetic-reluctance 
jnsor and an impression magnetic field is zero, The magnetization directions of the 1 st ferromagnetic material layer 
:e the 1st and 2nd almost perpendicular ferromagnetic material layers to the magnetization direction of the 2nd 
jrromagnetic material layer. The nonmagnetic electrical-conducting-material regions-of-back layer which adjoins the 
srromagnetic layer of the above 1st and contacts this. A detection means is combined with a bias means maintain 
lagnetization of the ferromagnetic layer of the above 2nd towards desired, an actuator means is combined with the 
forementioned magnetic transducer and move the aforementioned magnetic transducer to the truck with which it was 
hosen on the aforementioned storage, and the aforementioned magnetic-reluctance sensor, answers the magnetic field 
lowing the data bit recorded on the aforementioned magnetic medium, and detect resistance change of the 
forementioned magnetic-reluctance sensor. 

Ulaim 26] The magnetic storage system according to claim 25 characterized by equipping the aforementioned bias 
leans with the antiferromagnetism material exchange bias layer which offers the bias magnetic field for adjoining the 
jrromagnetic layer of the above 2nd, contacting this, and maintaining magnetization of the ferromagnetic layer of the 
bove 2nd towards desired in the ferromagnetic layer of the above 2nd. 

31aim 27] The magnetic storage system according to claim 26 characterized by the aforementioned 
ntiferromagnetism layer consisting of material chosen from the group which consists of iron manganese and nickel 
langanese. 

31aim 28] The magnetic storage system according to claim 25 which it adheres to the aforementioned magnetic- 
^luctance sensor on the capping layer to which it adhered on the aforementioned antiferromagnetism layer further, and 
le aforementioned capping layer, and is characterized by having an electric lead-wire means to combine the 
forementioned magnetic-reluctance sensor with the aforementioned detection means. 

Claim 29] The magnetic storage system according to claim 28 characterized by equipping the aforementioned capping 
iyer with the material chosen from the group which consists of a tantalum and a zirconium. 
Claim 30] The magnetic storage system according to claim 26 characterized by the aforementioned nonmagnetic 
pacer layer consisting of silver, gold, copper, and material chosen as the row from the group which consists of the 
Hoy of silver, copper, and gold. 

Claim 31] The magnetic storage system according to claim 30 by which the aforementioned nonmagnetic spacer layer 
5 characterized by having a copper thin film layer. 

Claim 32] The magnetic storage system according to claim 25 characterized by the aforementioned nonmagnetic 
egions-of-back layer consisting of material chosen from the group which consists of silver, gold, and copper. 
Claim 33] The magnetic storage system according to claim 32 by which the aforementioned nonmagnetic regions-of- 
■ack layer is characterized by having a copper thin film layer. 
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!:;iaim 34] The magnetic-reluctance sensor characterized by having the nonmagnetic electrical-conducting-material 
:gions-of-back layer which it is separated by the non-magnetic material spacer layer, the magnetization direction of 
e 1st ferromagnetic material layer adjoins the 1st and 2nd almost perpendicular ferromagnetic material layers and the 
Tromagnetic material layer of the above 1st to the magnetization direction of the 2nd ferromagnetic material layer 
hen an impression magnetic field is zero, and contacts this. 

;:;iaim 35] The magnetic-reluctance sensor according to claim 34 by which the maximum thickness of the 
brementioned nonmagnetic regions-of-back layer is characterized by being about 4A. 

Illaim 36] The magnetic-reluctance sensor according to claim 34 characterized by the aforementioned nonmagnetic 
;gions-of-back layer consisting of material chosen from the group which consists of silver, gold, and copper. 
Zlaim 37] The magnetic-reluctance sensor characterized by providing the following. The 1st and the 2nd 
aromagnetic layer which were separated by the non-magnetic material spacer layer. The 1st nonmagnetic electrical- 
)nducting-material regions-of-back layer which adjoins the ferromagnetic layer of the above 1st arranged between 
self and the aforementioned spacer layer, and contacts this. The 2nd nonmagnetic electrical-conducting-material 
;gions-of-back layer which adjoins the ferromagnetic layer of the above 2nd arranged between itself and the 
X)rementioned spacer layer, and contacts this. 

Illaim 38] The magnetic-reluctance sensor according to claim 37 by which the minimum thickness of the above 1st 
id the 2nd nonmagnetic regions-of-back layer is characterized by being about 4A. 

Zlsdm 39] The magnetic-reluctance sensor according to claim 38 by which the maximum thickness of the above 1st 
id the 2nd nonmagnetic regions-of-back layer is characterized by being about 3 times the mean free path length of the 
induction electron in the aforementioned nonmagnetic regions-of-back layer material. 

;:^laim 40] The magnetic-reluctance sensor according to claim 38 by which the above 1st and 2nd nonmagnetic 

;gions-of-back layer thickness are characterized by being within the limits of about 4A or about lOOOA. 

Illaim 41] The magnetic-reluctance sensor according to claim 38 by which the above 1st and 2nd nonmagnetic 

;gions-of-back layer thickness are characterized by being within the limits of about 4A or about 60A. 

Illaim 42] The magnetic-reluctance sensor according to claim 37 by which the above 1st and 2nd ferromagnetic layer 

lickness are characterized by being within the limits of about 5A or about 30A. 

Illaim 43] The magnetic-reluctance sensor according to claim 37 by which the aforementioned nonmagnetic spacer 
lyer thickness is characterized by being under the mean free path length of the conduction electron in the 
Forementioned nonmagnetic spacer material. 

31aim 44] The aforementioned nonmagnetic spacer layer thickness is about 10. Or about 40 Magnetic-reluctance 
snsor according to claim 43 characterized by being within the limits. 

Zlaim 45] The magnetic-reluctance sensor according to claim 37 characterized by the aforementioned nonmagnetic 
pacer layer consisting of silver, gold, copper, and material chosen as the row from the group which consists of the 
iloy of silver, copper, and gold. 

31aim 46] The magnetic-reluctance sensor according to claim 37 characterized by the above 1st and the 2nd 
onmagnetic regions-of-back layer consisting of material chosen from the group which consists of silver, gold, and 
opper. 

Zllaim 47] The magnetic-reluctance sensor according to claim 46 by which the above 1st and the 2nd nonmagnetic 
3gions-of-back layer are characterized by having a copper thin film layer, respectively. 
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»ETAILED DESCRIPTION 



Detailed Description of the Invention] 
)001] 

industrial Application] this invention relates to the magnetic-reluctance read transducer containing the regions-of-back 
lyer to which the magnetic-reluctance element which senses the impressed magnetic field in detail changes from a 
onmagnetic electrical conducting material based on the spin bulb effect about the magnetic transducer which reads the 

iformation signal memorized by the magnetic medium as a whole. 

)002] In order to read data in a magnetic storage medium by high linear density, the method of using the magnetic 
jad transducer called a magnetic-reluctance (MR) sensor or head is well leamed for the Prior art. MR sensor is 
etected as the strength of the magnetic flux a read element senses the read and according to resistance change of 
lement magnetic field signal manufactured by the magnetic adjuster to be it, and a function of a direction. MR sensor 
f these Prior arts changes as square [ of the cosine of the angle between the directions of sensing current where the 
omponent of read element resistance passes this read element with magnetization ] (cos2) — it operates based on the 
nisotropy magnetic-reluctance (AMR) effect the paper whose detail of the AMR effect is D.A. Thompson et al. 
Fhompson) ~ it is indicated by "Memory, Storage, and Related Applications", IEEE Trans.Mag.MAG-1 1, and 1039 
ages (1975) 

)003] Recently, the magnetic reluctance by the spin dependence scattering effect of the conduction electron in the 
lagnetic multilayer structure of the form of n (F/NM) (F is a ferromagnetic metal and NM is a non-ferromagnetism 
letal) which clarified [ rather than ] unlike the former is observed, this effect is discovered by various system Naka, 
uch as Fe/Cr and Co/Cu which show strong antiferromagnetism distributor shaft coupling of a ferromagnetic layer and 
y which sputtering was carried out or an Co/Ru multilayer, and stratification to which distributor shaft coupling of the 
lagnetization direction in one strong magnetic layer is not carried out in essence [ the form of F/NM/F fixed by the 
xchange anisotropy ] The physical fountainhead of magnetic reluctance is the same with both of the structures of a 
ind. That is, impression of a magnetic field changes the relative direction of magnetization of the adjoining 
srromagnetic layer. Resistance of structure changes, when the alignment of magnetization chemges to parallel shell 
ntiparallel. This mechanism generates the magnetic reluctance which in the case of a specific combination of material 
ecomes larger than AMR and is called "spin bulb" magnetic reluctance (SVMR) or huge magnetic reluctance (GMR). 
D004] U.S. Pat. No. 4949039 has indicated the stratification magnetic structure which brings about the MR effect 
nproved according to the antiparallel alignment of the magnetization in a magnetic layer. In the above-mentioned 
atent, as a material which can be used by stratification, although ferromagnetic transition metals and the alloy are 
lentioned, a desirable material is not specified by the outstanding list for MR signal amplitudes. The above-mentioned 
atent used antiferromagnetism die-change distributor shaft coupling further, and the adjoining ferromagnetic material 
lyer has indicated how to acquire the antiparallel alignment separated by the thin nonmagnetic interlayer of chromium 
Cr) and an yttrium (Y). 

0005] Resistance between two non-distributor-shafl-coupling ferromagnetism layers changes as a cosine of the angle 
•etween magnetization of two layers, and the U.S. patent application 07th / No. 625343 are indicating MR sensor 
adependent of the direction of the current which passes a sensor. This structure generates the magnetic reluctance 
v^hich becomes larger than AMR depending on a specific combination of material based on the spin bulb effect. 
0006] U.S. Pat- No. 5159513 is indicating MR sensor by which one [ at least ] ferromagnetic layer consists of cobalt 
T a cobalt alloy including two ferromagnetic material thin film layers separated by the thin film layer of a non-MAG 
aetallic material based on the above-mentioned spin bulb effect. Magnetization of one ferromagnetic layer is 
jerpendicularly maintained to magnetization of the ferromagnetic layer of another side by exchange distributor shaft 
oupling with an antiferromagnetism layer, when an external impression magnetic field is zero. 
0007] In order to fill the demand to the data-storage density of today's magnetic storage system which continues 
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rowing, it is necessary to manufacture the magnetic-flux sensing element of an MR head in a still thinner 
irromagnetic material layer. For example, MR coefficient falls also by the case of the SVMR or the GMR sensor also 
: the case of the ** type AMR sensor with newer MR sensor which uses about 15A super-****** sensing layer. 
)008] 

v4eans for Solving the Problem] According to the principle of this invention, MR read sensor based on the spin bulb 
ffect is equipped with the stratification containing the 1 st and 2nd ferromagnetic material thin film layers separated by 
le thin film layer of non-magnetic metal material formed on the suitable substrate. The 1 st ferromagnetic material 
lyer at least is backed by the nonmagnetic electrical-conducting-material layer. When an external impression magnetic 
eld is zero, the magnetization direction of the 1st ferromagnetic material layer is almost perpendicular to the 
lagnetization direction of the 2nd ferromagnetic material layer. The direction is restrained or maintained by exchange 
istributor shaft coupling provided with the magnetization direction of the 2nd a Httle more than magnetic layer by the 
ijoining antiferromagnetism material layer which contacts this layer physically ("fixation"). The direction of the 
LAG in the 1st ferromagnetic ("fi-eedom") layer is fi-eely rotated according to an extemal impression magnetic field. A 
arrent source provides MR sensor with sensing current, and MR sensor generates the voltage drop which is 
roportional to change of resistance of MR sensor by the rotation of magnetization in a fi-ee ferromagnetism material 
lyer as a ftinction of the impression extemal magnetic field sensed among the ends of a read element. The size of 
isistance change of a read element is the fijnction of the cosine of change of the angle between the magnetization 
irections in a fi:*ee layer and the magnetization directions of the fixed bed according to extemal impression magnetic 
elds, such as a magnetic field showing the data bit memorized by the magnetic medium. 

)009] If drawing. 1 is referred to, although this invention will be explained as what was carried out by the magnetic- 
isk storage system as shown in drawin g 1 , please care about that it is applicable also to other magnetic storage 
/stems, such as a magnetic tape record system, and the magnetic random-access-memory system which a magnetic- 
jluctance element commits as for example, a bit cell. The magnetic disk 12 in which at least one rotation is possible is 
jpported on a spindle 14, and rotates by the disk drive motor 1 8. The magnetic-recording medium on each disk is this 
ardiac data track (not shown) of the form of an annular pattem on a magnetic disk 12. 

)010] At least one slider 13 is positioned on a disk 12, and each slider 13 supports one or more magnetic read / write- 
1 transducers 21 . These transducers 21 are usually called read/write head. If a magnetic disk 12 rotates, a slider 13 
pproaches on the disk fi'ont face 22, or separates fi*om this fi^ont face 22, and can approach each portion of the disk 
nth which desired data are recorded in a head 21 . Each slider 13 is attached in the actuator arm 19 by the suspension 
5. A suspension 1 5 gives few spring force and this spring force carries out bias of the slider 13 to the disk fi-ont face 
2. Each actuator arm 19 is attached in the actuator means 27. Let the actuator means shown in drawing 1 be a voice 
oil motor (VCM). VCM is equipped with the coil which can move within a fixed field system, and the direction and 
peed of coil movement are controlled by the motor cxirrent signal supplied by the control xmit. 
301 1] During operation of a disk-memory system, pneumatic bearing is generated by rotation of a magnetic disk 12 
etween a slider 13 and the disk front face 22, and the upward force or upward lift is applied to a slider 1 3 by it. In this 
/ay, pneumatic bearing takes the balance with few spring force of a suspension 15, supports it in the position which 
sparated the slider 13 from the disk front face 22 up slightly, and maintains few working intervals which carried out 
imultaneously regularity. 

3012] Various components of a disk-memory system are controlled by control signals generated with a controlling 
lechanism 29, such as working, an access-control signal, and an intemal clock signal. Usually, the controlUng 
lechanism 29 is equipped with for example, the logic-control circuit, the storage means, the microprocessor, etc. A 
ontrolling mechanism 29 generates control signals, such as a head position control signal on the drive motor control 
ignal and line 28 on a line 23, and a seeking control signal, and controls various system operation. The head position 
ontrol signal and seeking control signal on a line 28 offer the current profile of the request for moving to an optimum 
nd positioning the selected slider 13 to the data track of the request on the related magnetic disk 12. A read signal and 
write-in signal are transmitted between heads 21 by the record channel 25. 

0013] The drawing of the typical aforementioned explanation about a magnetic-disk storage system and attached 
[rawing 1 aims only at instantiation. Please care about that a disk-memory system can contain many disks and 
ctuators, and each actuator can support many sliders. 

0014] If drawin g 2 is referred to, MR spin bulb sensor 30 by the principle of this invention is equipped with the 
uitable substrates 31, such as glass, a ceramic, and a semiconductor, and it adheres to nonmagnetic or the thin film 
ayer 33 of a magnetic electrical conducting material, the thin film layer 35 of the 1st soft ferromagnetism material, the 
bin film layer 37 of non-magnetic metal material, and the thin film layer 39 of the 2nd ferromagnetic material on the 
ubstrate 31. The 1st soft ferromagnetism material thin film layer 35 is formed so that it may contact as physically as 
lirect and this layer on nonmagnetic or the magnetic electrical-conducting-material thin film layer 33, and it forms a 
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layer. When there is an external impression magnetic field, as arrows 32 and 38 show, orientation of the 
agnetization of two ferromagnetic material layers 35 and 39 is mutually carried out to the angle of about 90 degrees, 
[oreover, the magnetization direction of the 2nd ferromagnetic material thin film layer 39 is fixed in the desirable 
rection shown by the arrow 38. Therefore, although the magnetization direction of the 2nd ferromagnetic material 
tin film layer 39 is being fixed, the 1st soft ferromagnetism material thin film layer 35 rotates a direction freely 
xording to external impression magnetic fields (magnetic field h shown in drawing 2 ), as the dotted-line arrow on 
le 1st [ of drawing. 2 ] soft ferromagnetism material thin film layer 35 shows. 

)01 5] The thin film layer 41 of exchange bias material with comparatively high electric resistance is adhered so that it 
tay contact the 2nd ferromagnetic material thin film layer 39 and directly, and a bias magnetic field is offered by 
cchange distributor shaft coupling. In the desirable example, the exchange bias material thin film layer 41 is equipped 
ith a suitable antiferromagnetism material with desirable their being for example, iron manganese (FeMn) and nickel 
langanese (NiMn). Moreover, a ** bias layer (not shown) can be used for the 2nd ferromagnetic material thin film 
yer 39 (fixed bed), or it can fix it by other suitable methods of common knowledge by this technical field. <BR> 
)016] MR sensor based on the spin bulb effect that a sensor read element is equipped with ferromagnetism / 
Dnmagnetic / ferromagnetic stratification is indicated in detail by the U.S. patent application 07th which coalesces in 
lis specification by reference and which was referred to previously / No. 625343. The spin bulb MR structure 
idicated by this patent is equipped with two ferromagnetic conductive layers separated by the non-magnetic metal 
jlectric conduction) spacer layer. One ferromagnetic layer is maintained by the single magnetic-domain state where 
le direction was fixed by the exchange anisotropy with the adjoining antiferromagnetism layer. Magnetization of the 
jrromagnetic layer (free layer) of another side rotates a direction according to an impression magnetic field. Magnetic 
;luctance is observed by impressing sufficient magnetic field changing the magnetization direction of a free layer to 
le fixed bed. In this invention, the two-layer structure is used instead of the ferromagnetic layer equipped with this 
ee layer. Back [ the back of the 1st soft ferromagnetism material thin film layer 35 or back ] which is the 1st soft 
OTomagnetism material thin film layer 35 (it is called a "filter layer") with the comparatively thin layer which adjoins 
le non-magnetic metal material thin film layer 37 (it is called a "spacer layer"), nonmagnetic or the magnetic electric 
Dnduction thin film layer 33 (it is called a "regions-of-back layer") is. 

)017] GMR observed by the magnetic material is based on the difference of the mean free path (lambda +) of 
induction electron which mainly has spin parallel to the magnetization direction of a magnetic material, and the mean 
•ee path (lambda -) with parallel spin contrary to the magnetization direction of a magnetic material of conduction 
lectron. The thickness of the 1st soft ferromagnetism material thin film layer [ in / the free layers 33 and 35 / at this 
ivention ] 35 is large, and more sharply / than lambda + / smaller than lambda therefore, the conduction electron 
ninority carrier) with antiparallel spin is effectively blocked by the 1st soft ferromagnetism material thin film layer 35 
hat is, filter out is carried out — having), and the 1st soft ferromagnetism material thin film, layer 35 essentially has ** 
ansparent [ conduction electron ] to conduction electron (majority carrier) with a parallel spin The majority carrier (as 
pposed to tiie magnetization direction of the 2nd ferromagnetic material thin film layer 39) and minority carrier which 
re generated in the 2nd ferromagnetic material thin film layer 39 are a carrier which moves toward the 1st soft 
srromagnetism material thin film layer 35. Since these carriers can be individually scattered about when the free layer 
3 and 35 magnetization rotate, they bring about GMR. Although the conduction electron which contributes to GMR 
loves to the 2nd ferromagnetic material thin film layer 31 from the 1st soft ferromagnetism material thin film layer 35 
t opposite direction, since it will move in the same direction if it is averaged, it omits explanation. Since similarly 
lere is a minority carrier which occurs in the same position and has the same momentum to all the majority carriers 
;enerated in the non-magnetic metal material thin film layer 37, even if magnetization of the free layers 33 and 35 
Dtates, the sum of a mean free path does not change. 

0018] Not resistance but change of conductance (deltaG) can explain GMR observed with the structure of this 
ivention. This is because it turns out that deltaG is the measurable amount of macro relevant to the spin bulb MR 
undamentally. 

0019] if the conduction electron which is emitted to the non-magnetic metal material thin film layer 37 from the 2nd 
erromagnetic material thin film layer 39, namely, is scattered about is considered ~ dispersion — dispersion between 
ayers — be ~ bulk dispersion — be ~ the minority carrier scattered about near between the 2nd ferromagnetic material 
hin film layer 39 and non-magnetic metal material thin film layers means the number of the minority carriers which 
ross the non-magnetic metal material thin film layer 37 The distance which a minority carrier moves before the 
bllowing dispersion event is farther [ than the case of a majority carrier ] short. Thus, if it thinks, it can be considered 
hat the 2nd ferromagnetic material thin film layer 39 is the source of supply of the spin polarization conduction 
:lectron of the remaining spin bulb structure. Generally, from the mean free path of the electron in spacer layer 
naterial, the carrier generated in the 2nd ferromagnetic material thin film layer 39 moves in the inside of the non- 
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lagnetic metal material thin film layer 37 with far small thickness, and enters into the 1st soft ferromagnetism material 
lin film layer 35. The majority carrier included in the 1 st soft ferromagnetism material thin film layer 35 is conducted 
irough the 1st soft ferromagnetism material thin film layer 35 in nonmagnetic or the magnetic electrical-conducting- 
laterial thin film layer 33, and only the additional mean fi-ee path (lambda b+) determined with regions-of-back layer 
laterial on the average moves it in this layer 33. However, before minority carriers are scattered about, only a merely 
lort distance penetrates the 1st soft ferromagnetism material thin film layer 35. Therefore, to majority carrier spin, 
'hen using the electrical conducting material which has comparatively high resistance (namely, long mean fi'ee path) 
)r nonmagnetic or the magnetic electrical-conducting-material thin film layer 33, when parallel, the value of majority 
arrier conductance becomes [ magnetization of the 1st soft ferromagnetism material thin film layer 35 ] large, 
lagnetization of noimiagnetic or the magnetic electrical-conducting-material thin film layer 33, and the 1st soft 
aromagnetism material thin film layer 35 - rotating (antiparallel) - as a result of scattering about minority carriers in 
le 1st soft ferromagnetism material thin film layer 35, the effective mean free path (namely, conductance) of these 
3nduction electron decreases rapidly 

)020] When drawing 3 , and 4, 5 and 6 are referred to, here drawing 3 Adhered on 50A Ta/tCuCu/15A NiFe/23A 
Iu/50A NiFe/1 lOA FeMn / glass substrate with 50A of Ta structures. The relation of the thickness of change (deltaG 
; almost equal to deltaR/R2) and the opposite nonmagnetic of conductance, or the magnetic electrical-conducting- 
laterial thin film layer 33 is shown. [ of the specific example of the spin bulb structure shown in drawing^ Z ] The first 
a layer is a buffer layer and the last Ta layer is a protective cap. (tCu Cu/15A NiFe) is equipped with the fi*ee layers 
3 and 35 with nonmagnetic or the magnetic electrical-conducting-material thin film layer 33 which consists of Cu, 
ad the 1st soft ferromagnetism material thin film layer 35 which consists of NiFe. The MnFe layer offered 
ntiferromagnetism exchange distributor shaft coupling, and is equipped with the exchange bias material thin film 
lyer 41 which fixes magnetization of the 2nd ferromagnetic material thin film layer 39. As shown in drawin g 3 , it 
icreases as the regions-of-back layer thickness tCu of deltaG increases. This is the same even when regions-of-back 
lyer material is nonmagnetic. Drawing 4 does not have a nonmagnetic regions-of-back layer behind the fi'ee layer to 
'hich it adhered on the glass substrate, and the relation of the deltaG and the ferromagnetic layer thickness (free layer) 
f the conventional spin bulb stmcture are related of structure (tF F/22A Cu/50A NiFe/90A FeMn) is shown. However, 
is Fe layer with different thickness, a NiFe layer, or Co layer. If 4 is compared with drawing 3 and a nonmagnetic 
5gions-of-back layer will be used behind a free layer, it is clear that sharply bigger deltaG than deltaG obtained by 
^hich of three ferromagnetic material without a regions-of-back layer is offered. Drawing 5 shows the relation of the 
lagnetic reluctance (deltaR/R) and the regions-of-back layer thickness tCu of spin bulb structure used for the 
leasurement shown in drawing 3 . In tCu=0, it is deltaR/R=l.l%, deltaR/R increases rapidly as tCu increases, and 
^hen it is tCu=25A, 3% of peak is reached. If thickness increases, deltaR/R will decrease conversely. Drawing 6 
tiows the sheet resistivity R and tCu of the same structure. Sheet resistivity changes to 2.5 ohm/sq from 250 ohm/sq, 
^hen tCu increases to 150A from OA. 

3021] Next, if drawing 7 is referred to, the spin bulb structure 30 shown in drawing 2 can adhere in a reverse order, 
'hat is, antiferromagnetism magnetism bias or the fixed bed is adhered first, and, next, a fixed ferromagnetism layer, a 
onmagnetic spacer layer, and a free filter / regions-of-back bilayer are adhered in this sequence. The desirable 
xample of the reverse MR spin bulb sensor 60 by this invention is equipped with the antiferromagnetism material 
xchange bias layer 67 to which it adhered on the buffer layer 63 on the suitable substrate 61, the 1st ferromagnetic 
lyer 69, the non-magnetic metal spacer layer 71, the 2nd ferromagnetic layer 73, and the nonmagnetic electrical- 
onducting-material regions-of-back layer 75. By this technical field, as everyone knows, if protection capping layers 
not shown) of high electrical resistance materials, such as Ta, are prepared on the noxmiagnetic electrical-conducting- 
laterial regions-of-back layer 75, oxidization of future processing stages and the structure under operation can be 
uppressed to the minimum, or can be prevented. As drawing 2 was explained, when there is no impression magnetic 
ield, the magnetization direction of the 1st ferromagnetic layer 69 is being fixed in the desirable direction 
erpendicular to the magnetization direction of the 2nd ferromagnetic layer 73. With the reverse MR spin bulb 
tructure 60, the degree of the 1st ferromagnetic layer 69, the non-magnetic metal spacer layer 71, and the 2nd 
erromagnetic layer 73 adheres to the nonmagnetic electrical-conducting-material regions-of-back layer 75. Therefore, 
le property of these layers is unrelated to the thickness of the material of the nonmagnetic electrical-conducting- 
laterial regions-of-back layer 75, and a kind. If needed, the seed layer 65 is adhered to the bottom of the 
ntiferromagnetism material exchange bias layer 67, and antiferromagnetism material can have desired structure. 
0022] In the specific desirable example, the reverse MR spin bulb sensor 60 has the Ta(50A)/NiFe(20A)/Fe60Mn40 
80A)/nickel80Fe20(50A)/Cu(23A)/nickel80Fe20(20A)/Cu(20A)/Ta (30A) structure where it adhered on the suitable 
ubstrate. Here, 20A Cu layer forais the nonmagnetic electrical-conducting-material regions-of-back layer 75. 50ATa / 
:OANiFe buffer / 63/65 layer of seeds grows up Fe60Mn40 material appropriately in an antiferromagnetism phase, and 
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ley become a template for offering the exchange bias which fixes the magnetization direction of the 1st ferromagnetic 
yer 69. In this desirable example, the range of the thickness of a buffer layer 63 is about 30A or 50A. The range of 
le thickness of the seed layer 65 is about 20A or 50A. The range of the thickness of the antiferromagnetism material 
cchange bias layer 67 is about 80A or 120A. The range of the thickness of the 1st ferromagnetic layer 69 is about 30A 
r lOOA. As mentioned above, although the range of the thickness of the non-magnetic metal spacer layer 71 is about 
3A or 40A, it is desirable that it is smaller than the mean free path of the conduction electron in spacer layer material, 
he range of the thickness of the 2nd ferromagnetic layer 73 is about 5 A or 30A. Partially, the thickness of the 
Dnmagnetic electrical-conducting-material regions-of-back layer 75 is decided by which parameter is measured, in 
rder to detect the impressed magnetic signal. When measuring change of resistance, i.e., deltaR/R, the range of the 
lickness of the nonmagnetic electrical-conducting-material regions-of-back layer 75 is about 4A or 50A. Moreover, 
hen measuring change of conductance, the range of the thickness of the nonmagnetic electrical-conducting-material 
;gions-of-back layer 75 is about 4A or 1 OOOA. 

)023] If drawing 8 is referred to, next, other desirable examples of MR spin bulb sensor by this invention For 
•cample, adhered on the buffer layer 83 on the suitable substrates 81, such as glass, a ceramic, and a semiconductor. It 
as the 1st nonmagnetic electrical-conducting-material regions-of-back layer 85, the 1st soft ferromagnetism material 
lin film layer 87, the non-magnetic metal material thin film spacer layer 89, the 2nd soft ferromagnetism material thin 
Im layer 91, and the 2nd nonmagnetic electrical-conducting-material regions-of-back layer 93. By this technical field, 
5 everyone knows, if protection capping layers (not shown) of high electrical resistance materials, such as Ta, are 
repared on the 2nd nonmagnetic electrical-conducting-material regions-of-back layer 93, oxidization of the structure 
1 operation and future processing stages can be suppressed to the minimum, or can be prevented. If sensing current is 
npressed to the MR sensor 80, the magnetic field accompanying sensing current will provide each ferromagnetic 
lyers 87 and 91 with a bias magnetic field, consequently orientation of the magnetization direction of each class will 
3me to be carried out to an angle with the opposite sense with an equal size to a sensor easy axis. The magnetization 
irection answers fi-eely the magnetic field which neither of the ferromagnetic layers 87 and 91 was fixed, therefore 
^as impressed. The 1st regions-of-back layer and the 1st ferromagnetic layer form the 1st bilayer. Similarly, the 2nd 
jgions-of-back layer and the 2nd ferromagnetic layer form the 2nd bilayer. If a magnetic signal is impressed, the 
lagnetization direction of both bilayers, i.e., a free layer, will rotate only an angle with the opposite sense with an 
Imost equal size to an easy axis, therefore will carry out double-precision change compared with the spin bulb 
:ructure where one ferromagnetic layer was fixed for the angle during magnetization of each class. It applies on 
fovember 17, 1992 and this kind of current bias MR spin bulb sensor is indicated by the U.S. patent application 07th 
f the simultaneous connection which was transferred to these people and which coalesced in tfiis specification by 
rference/No. 977382. 

3024] Next, reference of drawing 9 shows other examples of MR spin bulb sensor shown in drawing 2 . Before 
dhering the regions-of-back layer 95, the suitable lower layers 93, such as Ta, Ru, and CrV, are adhered to a substrate 
2. The purpose of a lower layer 93 is optimizing the texture of future layers, grain size, and a gestalt. A gestalt may 
ecome important, when acquiring the big MR effect property of spin bulb structure. It is because this property enables 
: to use the ultra-thin non-magnetic metal spacer layer 99 between two ferromagnetic layers 97 and 101 . A lower layer 
3 needs to have high resistance, in order to hold down an electric resistance shunt effect to minimum. A lower layer 
3 is used also for the spin bulb structure where drawing 7 and 9 were explained again. If a substrate 92 is constituted 
rom material with resistance high enough, a front face [ flat surface enough ], and the suitable crystal structure, a 
>wer layer 93 is omissible. 

0025] On a lower layer 93, the nonmagnetic electrical-conducting-material regions-of-back layer 95 is adhered, and, 
ext, the 1st soft ferromagnetism material thin film layer 97, the non-magnetic metal material thin film layer 99, the 
nd ferromagnetic material thin film layer 101, and the antiferromagnetism material layer 103 are adhered. When there 
5 no impression magnetic field, the magnetization carries out [ each other ] orientation of the two ferromagnetic layers 
•7,101 to the angle of about 90 degrees. As mentioned above, a position is fixed by the bias magnetic field by which 
he magnetization direction of the 2nd ferromagnetic material thin film layer 101 is generated by exchange distributor 
haft coupling. The nonmagnetic conduction material regions-of-back layer 95 and the 1st soft ferromagnetism 
aaterial thin film layer 97 form the bilayer which magnetization rotates freely according to the impressed magnetic 
ield. 

0026] The ferromagnetic layer 97,101 can be manufactured by suitable magnetic materials, such as Co, Fe, nickel, and 
hose alloys like NiFe, NiCo, and FeCo. The thickness of the 2nd ferromagnetic material thin film layer 101 can be 
hosen from the range of about 20A or about 150A. The antiferromagnetism material layer 103 can be constituted from 
uitable antiferromagnetism material, such as NiMn and FeMn, and it is [ the thickness ] desirable to choose from the 
ange of about 50A or about 150A. Moreover, a hard magnetism bias layer can be used for the magnetization direction 
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f the 2nd ferromagnetic material thin film layer 101, it can use a high coercive force magnetic material for the fixed 
5d, or can fix it by other suitable methods of common knowledge by this technical field. 

*027] As for the 1st soft: ferromagnetism material thin film layer 97 which functions as a filter layer, it is desirable to 
mstitute fi-om suitable NiFe or a Co alloy, and the thickness is chosen fi*om the range of about 5A or about 30A. The 
ickness of the 1 st soft ferromagnetism material thin film layer 97 is decided mainly by the function in a filter / 
jgions-of-back bilayer 95 / 97. Since it is carrying out block or filter out of the minority carrier, a glance target of the 
5t soft ferromagnetism material thin film layer 97 needs to make the minimum thickness larger than the mean free 
ith of the transmission electron which has reverse parallel spin in the magnetization direction of a minority carrier, 
3., a filter layer. For example, the lambda of nickel80Fe20 is less than about 7A. Similarly, since another function of a 
Iter layer is conducting a majority carrier in the nonmagnetic electrical-conducting-material regions-of-back layer 95 
trough this layer, it is necessary to make the maximum thickness smaller than the mean free path with spin parallel to 
le magnetization direction of a majority carrier, i.e., a filter layer, of conduction electron. For example, lambda [ of 
ickel80Fe20 ] + It is about 50**4A. The nonmagnetic electrical-conducting-material regions-of-back layer 95 can 
insist of suitable nonmagnetic electrical conducting materials. As for this material, it is desirable that it is a metal 
ith comparatively high conductivity (namely, low resistance). For example, noble metals, such as Au, Ag, and Cu, 
ive a big response. The thickness of the nonmagnetic electrical-conducting-material regions-of-back layer 95 is 
stermined by optimizing the response of a sensor according to the sensing method to be used, i.e., the parameter to 
leasure, deltaR, deltaR/R, or deltaG. For example, the size of deltaG increases rapidly with regions-of-back layer 
lickness, is the maximum and becomes one 3 times the thickness [ the double precision of the mean free path length 
f the conduction electron in regions-of-back layer material or ] of this. On the other hand, the response at the time of 
leasuring deltaR or deltaR/R is the function of the peak of regions-of-back layer thickness. In the desirable example, 
sltaR or deltaR/R is sensed and regions-of-back layer thickness is chosen from the range of about 4A or 60A. When 
jnsing deltaG, regions-of-back layer thickness is chosen from the range of about 4A or about lOOOA. 
)028] As for the non-magnetic metal material thin film layer 99, it is desirable that it is the metal of high conductivity. 
Jthough noble metals, such as Au, Ag, and Cu, offer big MR response and Pt and Pd offer small MR response, Cr and 
a show very small MR response. Although the thickness of the non-magnetic metal material thin film layer 99 is 
ifficient size to carry out the decoupling of the two ferromagnetic layers 97,101 magnetically enough, it is sufficient 
linness to become shorter than the mean free path length of the conduction electron of spacer layer material. As for 
le thickness of the non-magnetic metal material thin film layer 99, it is desirable that it is within the limits of about 
OA or about 40A. Although the nonmagnetic electrical-conducting-material regions-of-back layer 95 and the non- 
lagnetic metal material thin film layer 99 consist of non-magnetic metal material of high conductivity, a regions-of- 
ack layer and a spacer layer do not need to consist of same material. Use of the same material as a regions-of-back 
lyer and a spacer layer, for example, Cu, mitigates the complexity of the manufacturing process which manufactures a 
snsor. Moreover, use of material which is different in a regions-of-back layer and a spacer layer increases flexibility 
dth it being the optimal in a sensor for obtaining the electrical property and magnetic properties of ****** again. 
)029] Next, the capping layer 105 which consists of high electrical resistance materials, such as Ta and Zr, is adhered 
n MR sensor. The electric lead wire 105 is used and the circuit path between MR sensor, a current source 109, and the 
snsing means 107 is formed. In order to offer optimal MR sensor response circuit as everyone knows by this technical 
"eld, additional sensor elements, such as a horizontal bias layer and a vertical bias layer (not shown), may be needed. 
1 the desirable example, in case the impressed magnetic signal is answered and magnetization of the 1st soft 
srromagnetism material thin film layer 97 rotates, a magnetic signal is sensed by the sensing means 107 by detecting 
ssistance of MR element, i.e., change of deltaR. Moreover, in case the impressed magnetic signal is answered and 
lagnetization of the 1st soft ferromagnetism material thin film layer 97 rotates, a magnetic signal can be detected also 
y sensing change of MR element conductance. It is published on November 8, 1987 and a sensing means to answer an 
npression magnetic field and to detect change of MR element conductance to the U.S. patent application No. 4712144 
-ansferred to these people is indicated in detail. 

0030] Generally drawing 2 and the desirable example explained with reference to 7, 8, and 9 explained the 
erromagnetic layer as a single layer which consists of a suitable ferromagnetic material. As an exception method, as 
hown in drawingj? ^ both both [ ferromagnetic / ferromagnetic one side or ] 97,101 can be equipped with multilayer 
tructure with two or more layers. In this case, it is possible to carry out the laminating of each ferromagnetic material 
►r ferromagnetic material, and non-magnetic material by turns, and to build the ferromagnetic layer 97,101 with 
lesired magnetic properties and a desired electrical property. For example, in the desirable example, the 2nd 
erromagnetic material thin film layer 101 is equipped with the 1st comparatively thin Co layer 98 called nano layer 
jid the 2nd thin NiFe layer 100. In the another desirable example, both the 1 st soft ferromagnetism material thin film 
ayer 97 and the 2nd ferromagnetic material thin film layer 101 are equipped with multilayer structure. The 1st soft 
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Tomagnetism material thin film layer 97 is equipped with the Co nano layer 96 and the NiFe layer 100, and Co nano 
/er adjoins Cu non-magnetic metal material thin film layer 99, and is formed. Similarly, the 2nd soft ferromagnetism 
iterial thin film layer 101 is equipped with the Co nano layer 98 and the NiFe layer 100, and Co nano layer adjoins 
I non-magnetic metal material thin film layer 99, and is formed. The range of the thickness of the Co nano layer 96 is 
out 0.5 A or 20 A. It applies on August 26, 1991 and the spin bulb MR sensor equipped with the ferromagnetism layer 
th a nano layer is indicated in detail by the U.S. patent application 07th which was transferred to these people and 
lich coalesced in this specification by reference / No. 750157, Although this invention was illustrated and explained 
out the desirable example, it will be understood by this contractor form and that various change can be added in 
tail, without deviating fi-om the meaning of this invention, the range, and instruction. Therefore, this invention 
dicated on these specifications is a power it is considered that is an instantiation— only thing, and is limited by only 
e range specified in the claim of the accovmt of the head. 
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ipan Patent Office is not responsible for any 
unages caused by the use of this translation. 

This document has been translated by computer. So the translation may not reflect the original precisely. 
**** shows the word which can not be translated. 
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